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Apoptosis and cerebral ischemic reperfusion injury developed after
haemorrhagic shock: experimental study

Hemorajik sok sonrasi gelisen serebral iskemi reperfiizyon yaralanmasi ve apoptosis:
Deneysel ¢alisma

Erdal KALKAN,' Olcay ESER,” Mustafa Cihat AVUNDUK,’ Murat COSAR,’ Hiiseyin FIDAN,* Serpil KALKAN®

BACKGROUND

Apoptosis is a process of programmed cell death that plays a
role in some normal and pathological conditions. In this study,
we investigated the apoptosis during cerebral ischemic reperfu-
sion injury in response to haemorrhagic shock in a rat model.

METHODS

Thirty-six adult Sprague-Dawley rats were divided into six
groups: control, haemorrhagic shock (HS), ischemic reperfu-
sion (IR), 1st hour IR, 3rd hour IR, 6th hour IR and 24th hour
IR. Rats were sacrificed by taking blood from intracardiac area
after finishing the experiment. The tissues were fixed using
neutral buffered 10% formaldehyde solution for histopatholog-
ical examination. Tissues were stained immunohistochemical-
ly with APO 2.7 and positive expression apoptotic cells were
counted using a Clemex Vision Lite 3.5 vision analysis system.

RESULTS

There were 2-3 apoptotic cells in the control group (group 1)
and this number increased to 8-11 in the haemorrhagic shock
group (group 2) (p<0.05). Secondary or more serious injury
occurs during ischemic reperfusion injury. The number of
apoptotic cells increased to 11-14 at the 1st hour (group 3) and
it was significant as compared to group 2 (p<0.05). The num-
ber of apoptotic cells significantly increased to 15-17 by the
3rd hour (group 4) as compared to group 3 (p<0.05). While
there was no additional increase by the end of the 6th hour
(group 5) as compared to group 4, the number of apoptotic cells
significantly increased to 18-24 by the end of 24th hour (group
6) as compared to group 5 (p<0.05).

CONCLUSION

The majority of injuries to the brain following haemorrhagic
shock occur during ischemic reperfusion. We observed that
apoptosis increases step by step on the 1st, 3rd and 24th hours
after ischemic reperfusion injury.
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AMAC

Apoptosis, normal ve patolojik sartlarda gerceklesen program-
lanmis hiicre oliimiidiir. Biz bu ¢alismada, hemorajik soka ug-
ratilmis sican modelinde serebral iskemik reperfiizyon hasarini
apoptosis acgisindan arastirdik.

GEREC VE YONTEM

Toplam 36 adet Sprague-Dawley cinsi sigan; kontrol, hemora-
jik sok (HS), iskemik reperfiizyon (IR) 1. saat, IR 3. saat, IR
6. saat, IR 24. saat olmak iizere 6 gruba ayrildi. Siganlar, de-
ney caligsmasi bittikten sonra intrakardiyak yolla kan alinarak
sakrifiye edildiler. Dokular, histopatolojik calisma icin
%10’luk tamponath soliisyona alindi. Dokular APO 2.7 ile
immiinohistokimyasal olarak boyandi ve pozitif ekspresyon
gosteren apoptotik hiicreler Clemex Vision Lite 3.5 vision
analiz sistemi kullanilarak sayildi.

BULGULAR

Kontrol grubunda (grup 1), 2-3 tane apoptotik hiicre vardi ve
bu say1 hemorajik sok grubunda (grup 2) 8-11’e cikiyordu
(p<0.05). Tskemik reperfiizyon esnasinda daha ciddi hasarlar
olustu. IR’den sonraki 1. saatte (grup 3) apoptotik hiicre
sayist 11-14’dii ve bu sonug group 2 ile karsilagtiriliginda
anlamliydi (p<0.05). Apoptotik hiicre sayisi 3. saatte (grup 4)
15-17’ye cikt1 ve bu sonug¢ grup 3 ile karsilagtirildi§inda
anlamliydi (p<0.05). Apoptotik hiicre sayisinda TR’den sonra
6.saat sonunda (grup 5) ek bir artig meydana gelmezken, 24.
saat sonunda (grup 6) 18-24’e ¢ikt1 ve bu sonug grup 5 ile
karsilagtirldiginda anlamliydi (p<0.05).

SONUC

Hemorajik soku takiben olusan beyin hasarlarinin ¢ogu iske-
mik reperfiizyon esnasinda olusur. Biz bu ¢alisma sonucuna
gore, apoptozisin iskemik reperfiizyon sonrasi 1., 3. ve 24. sa-
atlerde adim adim artt1g1n1 diisiiniiyoruz.
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A common cause of sudden death after trauma
is haemorrhagic shock due to incisive or penetra-
tive injuries of the cranium."” Initial tissue damage
occurs because of ischemia. Reperfusion is intend-
ed to correct cell function and remove toxic
metabolites. Oxygen molecules which come to the
region after reperfusion are responsible for sec-
ondary tissue damage." Therefore, the cell mem-
brane loses its permeability and apoptosis and
necrosis occur.”

However, the apoptotic mechanism is elusive.
Generally, apoptosis is started by a physiological
signal which triggers the programmed suicide.
While the energy sources of the cell do not
decrease, it synthesises mainly macromolecules."
In addition, it is characterized with physiological
and morphological changes in the cell such as
increased nuclear density, formation of apoptotic
bodies, and DNA fragmentation."

Ischemia and apoptotis is activated during
haemorrhagic shock and this process increases
after ischemia/reperfusion (IR) injury. In this study,
we investigated the cellular mechanism by which
IR injury occurred following haemorrhagic shock,
and its effects on cell apoptosis.

MATERIALS AND METHODS

The study was conducted in accordance with
ethical principles of the Declaration of Helsinki,
and permission was secured from local institution-
al review boards. In this study, six groups of adult,
male Sprague-Dawley rats with a weight between
250 and 300 g, with six rats per group were used.
Rats were anaesthetised by intraperitoneal admin-
istration of 100 mg/kg ketamine hydrochloride
(Ketalar, Eczacibasi, Warner Lambert, Istanbul,
Turkey) and 10 mg/kg Xylasine Hydrochloride.

Both the femoral vein and artery were canalised
with branule (no: 24) by inguinal incision. The
arterial pressures and arterial pulses of the rats
were monitored and measured by branule (no: 24)
(Datex/Ohmeda S/5, Helsinki, Finland). Systolic
blood pressures of the rats decreased to 30-40% of
the normal level by taking blood from femoral
vein. This process contributed to the formation of
haemorrhagic shock. Group 1 was termed as con-
trol (C) and group 2 was termed as the haemor-
rhagic shock (HS) group. Blood was retained and
given to the remaining groups (3, 4, 5 and 6) for
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reperfusion 20 minutes after the procedure. Rats
were sacrificed by taking blood with intracardiac
punction at the 1st hour, in group 4 at the 3rd hour,
in group 5 at the 6th hour and in group 6 at the 24th
hour. Brain tissue samples were taken from all
groups and suspended in buffered 10% formalde-
hyde solution.

Histopathology

All specimens were fixed in buffered 10%
paraformaldehyde solution for a minimum 24
hours. Tissue samples were taken from bilateral
hemispheres and thalamus. They were taken from
the same area for all members of groups. Tissue
samples were prepared in an autotechnicon and
then embedded in paraffin. Two sections (5 um)
were prepared. One section was stained with
haematoxylin-eosin, and the excess was used for
immunohistochemical staining. Apo 2, 7
(Monoclonal Antibody Apo 2.7 Cat. No: 2087
Immunotech) was used as a primary antibody for
immunohistochemical staining.™ Basal cell layers
of squamous epithelium were used as positive con-
trol. Stained specimens were investigated by a
Nikon Eclipse E400 light microscope. For each
specimen, the same area was photographed after
staining by using a Nikon Coolpix 5000 photo-
graph attachment. The photograph of Nikon
micrometer microscope slide was also taken during
the procedure. All photographs were then imported
and analyzed using Clemex Vision Lite 3.5
(Clemex Technologies Inc. Guimond, Longueuil,
Canada) image analysis program. The length was
calibrated by comparing the photograph of the
specimen with the photograph of the Nikon
micrometer microscope slide, which was taken
under the same magnification. The areas (0.1 mm?)
of both hemisphere and thalamus preparations
were designated using a Clemex Vision Lite 3.5
Image Analyses program for each samples.
Positively stained cells were marked with the same
Image Analyses program in a 0.1 mm® area.
Damaged cells were not evaluated. The marked
cells were counted automatically with the same
Image Analyses program.

For each case, the sum of numbers in 0.1 mm?
area of bilateral hemisphere and thalamus was con-
sidered as number of apoptosis. The reader was
masked to the origin of the specimen (Fig. 1).
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Fig. 1. Apo 2.7 is a specific apoptosis marker, and anti-Apo 2.7 antibody sta-
ins cell membranes of reactive cells. Arrows indicate positive cells

(0.05 mm).

Statistical analyses were performed using SPSS
for Windows (Version 11.0, SPSS Inc., Chicago,
Illinois, USA). Apoptotic cell numbers are given as
mediantstandard deviation (Table 1). Statistical
analysis of data was performed by using one-way
analysis of variance (ANOVA), and homogeneity
of the groups was evaluated with the Levene test.
Tukey’s HSD test was used for intra-group com-
parisons. A p value of <0.05 was accepted as sta-
tistically significant.

RESULTS

There were 2-3 apoptotic cells in the control
group (group 1) which increased to 8-11 in the
haemorrhagic shock group (p<0.05). Secondary or
more serious injury occurs during ischemic reper-

fusion injury. The number of apoptotic cells
increased to 11-14 at the 1st hour (group 3)
(p<0.05) and increased significantly to 15-17 by
the 3rd hour (group 4; p<0.05). While there was no
additional increase by the end of the 6th hour, the
number of apoptotic cells increased to 18-24 by the
end of the 24th hour of IR (group 6; p<0.05).

DISCUSSION

The most important organs affected by haemor-
rhagic shock are the central nervous system (CNS)
organs, heart and kidneys.” The CNS can protect
its functions until arterial blood pressure decreases
till 60-70 mmHg. With progressive hypovolaemia
agitation, coma, and then death can occur."” In this
study, we observed that ischemic reperfusion

Table 1. Minimum-maximum and mean-standard deviation values of of the numbers of apoptotic cells in all groups

Groups n Number of apoptotic cells Number of apoptotic cells
(min-max) (meanzts.d.)

Control 6 2-3 2.7+0.5
Haemorrhagic shock 6 8-11 9.3t1.2

IR (1st hour) 6 11-14 13.0£1.2

IR (3rd hour) 6 15-17 15.8+0.7

IR (6th hour) 6 15-18 17.0£1.09

IR (24th hour) 6 18-24 21.1+2.1

IR: Ischemic reperfusion; HS: Hemorrhagic shock.
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injury is responsible for the majority of damage
following haemorrhagic shock. In addition to this,
reperfusion which occurs at the 24th hour causes
the most brain injury.

Haemorrhagic shock is a situation where tissues
can not take enough blood and oxygen for their
normal metabolic activities, and all tissues are
effected."""” In the ischemic tissues during haem-
orrhagic shock, synthesis of ATP decreases
because of negative effect on mitochondrial phos-
phorylation and increase of anaerobic glycolysis
cycle. As the ATP synthesis decreases, plasma
membrane sodium pump activity decreases, the
cell swells and intracellular pH decreases.”
Nuclear chromatin aggregates, protein synthesis
decreases and lipid is stored in the cell. During
reperfusion, ischemic tissues come together with
high concentration of Ca™ and O, molecules.
Because of the effect of high intracellular Ca* con-
centration, ATPase, phospholipase, protease,
endonuclease enzymes are activated and cellular
integrity is destroyed."”

0O, molecules join the biochemical reactions and
form free oxygen radicals. Free oxygen radicals
react on all oxidizable cell structures including
lipids, proteins and nucleic acids."*"”" As cell injury
occurs, permeability of the cell membrane increas-
es, accompanied by cell lysis by the lipid peroxida-
tion of membrane. Structural and enzymatic pro-
teins are denatured by free oxygen radicals. They
directly attack nucleic acids and cause base
hydroxylation, cross-bonding and cell death."®"

Apoptosis is a genetically-programmed cell
death which initiates the metabolic and physiologi-
cal suicide process.” Cell injury is expected dur-
ing ischemic reperfusion injury. Apoptosis during
ischemic reperfusion injury has been published in
some tissues.” Ischemic reperfusion injury and
relation with apoptosis had been demonstrated in
animal models with radiological and pathological
methods.”*

The mechanisms underlying apoptosis are still
unclear.”" Intrinsic and extrinsic factors can induce
apoptosis.” Harmful stimuli such as radiation and
free radicals (which damages DNA and activates
TP 53 ways) hinder the receptor binding (FAS and
TNF receptors) or secretion of catatonic T cells
from granzyms.”
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Some stimulus (like cytotoxic T cells) activates
(enzymatic cascade) directly in the suicide process.
Activation of this cascade induces the latent cyto-
plasmic endonuclease and protease and damage the
cell skeleton and nuclear proteins.”” The damage to
the cell skeleton and nuclear chromatin results in an
intracellular destroying cascade.” Regulator pro-
teins including Bcl-2 and Bcl-xL inhibit cell death,
while others like Bax and Bad promote the cell
death.”**-*" The other proteins affect adaptor pro-
teins or mitochondrial releasing of cytochrome c.”"

Previous studies have demonstrated the rela-
tionship between apoptosis and signal messenger
mechanisms.” Raff® declared that all cells are
programmed for death and they have to accept sig-
nals from other cells to live. If the signal is inter-
rupted, the cell initiates the suicide process. It has
been shown that Ca™, which is the part of the sig-
nal messenger mechanism, activates apoptosis in
some cells. When the Ca* signalling mechanism is
blocked, apoptosis does not occur.”” While the
mechanism is unclear, endonuclease enzymes
which fragments DNA and is related to Ca™ / Mg*®,
may be partly responsible for this process.™

CONCLUSION

The increasing number of apoptotic cells in the
hours following ischemic-reperfusion injury indi-
cates that treatment should occur immediately in
emergency situations. We think that more studies
are needed about ischemic-reperfusion injury espe-
cially for neural tissues.
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